Objective: In many resource-limited settings, people from rural areas migrate to urban hubs in search of work. Thus, urban public-sector HIV clinics in South Africa (SA) often cater to both local residents and patients from other provinces and/or countries. The objective of this analysis was to compare programmatic treatment outcomes by citizenship status in an urban clinic in SA.
INTRODUCTION
South Africa has one of the largest economies on the African continent, as measured by gross domestic product (GDP), eclipsed only by Nigeria. 1 As such, people from all over the continent, and especially sub-Saharan Africa, migrate to South Africa in search of employment. [2] [3] [4] Within South Africa itself internal migration is common as residents of rural areas move to urban hubs
Strengths and limitations of this study
▪ We used data from a single urban public-sector HIV treatment facility located within a tertiary hospital which may limit generalisability. ▪ There may be some exposure misclassification as some foreign nationals may be incorrectly recorded as self-reported South African citizens without a national ID number. ▪ We do not have information on migration patterns of individuals included in the study and can only speculate as to whether loss from care is indicative of population mobility. ▪ The study site uses a comprehensive electronic medical record in which laboratory results are uploaded directly into the system from the National Health Laboratory Service, reducing opportunities for missing data and/or data entry errors. ▪ Routine loss to follow-up tracing mitigates loss from antiretroviral therapy care.
or mining communities in hopes of improving their economic prospects. [3] [4] [5] As a result, public-sector antiretroviral therapy (ART) programmes in urban centres such as Johannesburg cater to a wide variety of patients who migrated from all over South Africa and the continent.
On the basis of the results from the HIV Prevention Trials Network (HPTN) 052 study, which found that earlier initiation of ART for treatment of HIV resulted in a 96% reduction in the risk of transmission to an uninfected partner, the concept of using antiretroviral treatment as HIV prevention has gained in popularity. 6 However, in order for treatment as prevention to have an impact on population-level transmission and incidence, retention in HIV treatment programmes must remain high. 7 8 As a result, identifying patients at high risk of loss to follow-up is of utmost importance in order to target interventions that are most likely to succeed in retaining them in care.
Previous research has shown that while foreigners and/or migrants often experience as good clinical outcomes in HIV care as local residents, their risk of loss from care has been variable. Results from a study comparing outcomes among self-reported foreigners to selfreported South Africans in Johannesburg found that foreigners were less likely to have died or become lost to follow-up than South Africans (3.8% vs 12.8%). 9 However, recent migrants in KwaZulu-Natal were 53% more likely to disengage from care than long-term residents and migrant workers in Lesotho were over twice as likely to be lost to follow-up than non-migrant workers 3-6 months after ART initiation and more than six times as likely after more than 12 months on ART. 10 11 Thus, we sought to further investigate these relationships by evaluating whether attrition (death and loss to follow-up) from a large, outpatient HIV treatment facility in Johannesburg may be related to South African citizenship status.
METHODS

Study site
This analysis was conducted using data from the Themba Lethu HIV Clinic, a large urban public-sector outpatient HIV treatment facility located within the Helen Joseph Hospital in Johannesburg, South Africa. Since the roll-out of ART in the public-sector in 2004, Themba Lethu has seen ∼30 000 patients and has initiated over 20 000 of those patients on ART. 12 Treatment provision at Themba Lethu follows the National Department of Health ART guidelines. Initially, treatment was offered to HIV-infected adult patients with a CD4 count <200 cells/mm 3 or WHO stage 3 disease. 13 The eligibility threshold was increased to 350 cells/mm 3 for pregnant women and patients co-infected with tuberculosis (TB) in 2010 and to all HIV-infected patients in 2011. 14 15 In 2013, pregnant women, those co-infected with TB, and those with WHO stage 3 or 4 disease could initiate ART regardless of their CD4 count and in 2015, the treatment initiation threshold was raised to a CD4 count of 500 cells/mm 3 . 16 17 While not a requirement to receive care, it is standard practice to ask all patients who present for care at Themba Lethu for their South African national identity number at their first visit. This information is collected along with other identifying details, including date of birth, country of birth, country of citizenship, physical address, and phone number. Approximately 60% of patients provide a valid ID number which can then be used to link lost to follow-up patients to the National Vital Registration System to improve ascertainment of mortality. 18 For the remaining 40% of patients, vital status is primarily obtained through loss to follow-up tracing. Since 2007, loss to follow-up tracing has been a routine component of ART care at Themba Lethu. Clinic counsellors make up to three attempts to contact those patients who have missed a scheduled visit via the phone number recorded in their file. Until 2013, homebased visits may also have been conducted for patients who could not be contacted via phone. However, this service is no longer routinely available. All demographic information along with routinely collected clinical data, including ART regimens, is entered into an electronic medical record called TherapyEdge-HIV in real time by the clinician during the patient encounter. Laboratory results are downloaded directly into the system from databases maintained by the National Health Laboratory Service. 12 
Study population
We conducted a retrospective cohort analysis using data collected prospectively as part of routine clinical care. All ART-naïve, adult (≥18 years old), non-pregnant patients who initiated a standard first-line ART regimen between January 2008 and December 2013 were included.
Study variables
The primary exposure in this study was documentation of citizenship status in the electronic medical record, using three categories: patients with a valid ID were categorised as confirmed South African if the 11th digit of the ID number identified the holder as a South African citizen (11th digit=0). Few patients with a valid ID were identified as non-South African citizens (n=196) so were excluded from further analysis. Patients without a valid ID were categorised as either unconfirmed South Africans or as foreign nationals based on their selfreported country of citizenship.
Ascertainment of mortality as a reason for loss to follow-up (≥3 months late for a scheduled visit) is easier among patients with a valid South African ID number due to regular linkage to the National Vital Registration System. Thus, our primary outcome was attrition, defined as death and loss to follow-up combined, rather than mortality alone, as deceased patients without an ID whose death was not reported to the clinic would appear as lost to follow-up.
Patients were included in the analysis if they initiated a standard first-line ART regimen, defined as stavudine (d4T), zidovudine (AZT), or tenofovir (TDF), in combination with lamivudine (3TC) and efavirenz (EFV) or nevirapine (NVP). Patients on TDF could also have been prescribed emtricitabine (FTC) in place of 3TC. 13 14 The CD4 count recorded closest to ART initiation from 6 months prior to the date of ART initiation to 7 days after was considered to be the baseline CD4 count value. CD4 count was then categorised as <50, 50-99, 100-199 and ≥200 cells/mm 3 . Standard categories were used for body mass index (BMI) and anaemia was defined according to standards set by the WHO as severe (<8 g/dL), moderate (8-10 g/dL), mild (men: 11-12 g/dL; women: 11 g/dL), or none (men: ≥13 g/ dL; women: ≥12 g/dL). 19 
Statistical analysis
Patients were followed from the date of ART initiation until the earliest of death, loss to follow-up, transfer to another HIV treatment facility, or closing of the data set (28 February 2015). We present baseline demographic and clinical characteristics as simple proportions for categorical variables and as medians with interquartile ranges (IQR) for continuous variables. Crude Kaplan-Meier curves depicting the probability of remaining in care over time by 12 months and ever after ART initiation are presented stratified by citizenship status. Cox proportional hazards regression was used to estimate the association between citizenship status and the risk of attrition using a complete case analysis. Results are presented as hazard ratios (HR) with corresponding 95% confidence intervals (CI). Age, sex and baseline CD4 count category were included as covariates in the adjusted model. Other baseline characteristics that were considered to be plausible confounders, including year of ART initiation, employment status, BMI, WHO stage, presence and severity of anaemia, TB co-infection, and baseline ART regimen, and were associated with both citizenship status and attrition ( p<0.2) in crude analyses were also included.
As an additional analysis, we used multiple imputation using chained equations (MICE) to account for missing data on baseline CD4 count (6.5%), haemoglobin (8.4%), BMI (15.1%), and employment status (3.0%) and present these results in the accompanying online supplementary appendix.
RESULTS
In total, 12 291 patients initiated a standard, first-line ART regimen between January 2008 and December 2013 and were included in this analysis. Of these, 59.5% were women, the median (IQR) age at ART initiation was 37.6 (31.7-44.4) years and the median (IQR) baseline CD4 count was 120 (46-195) cells/mm 3 . Approximately 70% of patients were classified as confirmed South African citizens. Of the remaining 30% (n=3685), 62% were unconfirmed South African citizens who did not report an ID number and the remaining 38% selfidentified as foreign nationals. Patients were followed for a median (IQR) of 28.4 (9.6-48.6) months from the date of ART initiation.
Unconfirmed citizens had poor clinical characteristics at baseline. They were more likely to have severe anaemia (12.1%), WHO stage III or IV disease (51.8%), and be co-infected with TB (14.8%) than both confirmed citizens (severe anaemia: 8.0%; WHO stage III or IV disease: 41.5%; TB co-infection: 12.1%) and foreign nationals (severe anaemia: 6.7%; WHO stage III or IV disease: 32.6%; TB co-infection: 6.6%). Compared with foreign nationals, unconfirmed citizens also had a slightly lower median baseline CD4 count (101 vs 137), and were less likely to be employed (45.9% vs 58.6%) while foreign nationals were more likely to be under the age of 35 (53.6%) than confirmed (35.1%) and unconfirmed (43.5%) citizens (table 1) .
Unconfirmed South African citizens were far more likely to be dead or lost to follow-up at both 12 months and ever after ART initiation compared with all other patients. Using Kaplan-Meier analysis, 17.7% of confirmed citizens and 18.2% of foreign nationals had died or were lost to follow-up after 12 months on ART, compared with 47.0% of unconfirmed citizens. Likewise by the end of follow-up, 75.5% of unconfirmed citizens had died or dropped out of care, which was approximately twice the attrition experienced by any other group (figure 1). However, we note that because individuals without a national ID number cannot be linked to the national vital registration system, we cannot determine how much of this increase is related to death and how much is related to loss from care.
This relationship was explored further in both unadjusted and adjusted regression models. In total, 9451 patients had information available on all covariates of interest and were included in the models. Compared with confirmed South African citizens, at 12 months, unconfirmed South African citizens were almost three times as likely to die or drop out of care (HR 2.94; 95% CI 2.66 to 3.25), while a small protective effect was observed for foreign nationals (HR 0.89; 95% CI 0.74 to 1.06). The association was attenuated slightly when adjusted for baseline demographic and clinical characteristics but unconfirmed citizens remained over two and a half times more likely to have died or left care compared with confirmed citizens (aHR 2.68; 95% CI 2.42 to 2.97). By the end of follow-up, the increased risk for attrition from care remained for unconfirmed citizens (aHR 2.68; 95% CI 2.47 to 2.90) while a small protective effect continued to be observed for foreign nationals (aHR 0.88; 95% CI 0.77 to 1.00) (table 2).
Multiple imputation
In addition to conducting a complete case analysis, we used multiple imputation to account for missing data in *3TC: lamivudine; AZT: zidovudine; d4T: stavudine; EFV: efavirenz; TDF: tenofovir; Other regimens are: TDF-3TC-NVP (nevirapine), AZT-3TC-NVP, TDF-EMT (emtricitabine)-EFV, TDF-EMT-NVP, and d4T-3TC-NVP. ART, antiretroviral therapy; BMI, body mass index.
our analyses. This led to minor changes in our estimates, though the overall inference remained unchanged. At 1 year after ART initiation, unconfirmed citizens were over 2.5 times more likely to have died or become lost to follow-up as confirmed citizens (aHR 2.72; 95% CI 2.51 to 2.95) with a similar estimate observed at the end of follow-up (aHR 2.70; 95% CI 2.52 to 2.88). A small, though non-significant, effect was observed for foreign nationals compared with confirmed citizens at 1 year (aHR 1.09; 95% CI 0.95 to 1.25) while no association was observed at the end of follow-up (aHR 0.97; 95% CI 0.87 to 1.08) (see online supplementary appendix).
DISCUSSION
The national ID number is a ubiquitous part of everyday life for South African citizens. It is required as proof of identity for a number of situations, including accessing education and employment, applying for a driver's license or passport, voting, registering a mobile phone SIM card, and for accessing household utility services such as water and electricity. Of the unconfirmed citizens at Themba Lethu, some may have known but declined to provide their ID number. Despite its importance, others may lack identification for various reasons: they may never have applied for an ID book due to not having the required documentation or they may have lost their ID book and not applied to have it reissued. Thus, our findings that unconfirmed South African citizens who did not report a national ID number are at increased risk of attrition from HIV care compared with confirmed South African citizens and foreign nationals raises numerous questions. First, why do these patients not have an ID number recorded? These patients may be truly undocumented South Africans who do not possess an ID number, they may have an ID number but chose to not report it in the clinic, or clinic staff may have failed to have asked for their number. While HIV care is provided free of charge to all who need it in the public sector in South Africa, the cost of other health services is determined via a means test. However, undocumented foreign nationals from non-Southern African Development Community (SADC) countries are excluded from the means test and patients are required to pay for other health-related services in full, regardless of their actual ability to pay. In addition, the policy of free ART regardless of citizenship status in public-sector facilities has not always been uniformly followed, resulting in the need for directives from the Department of Health, issued in 2005 and 2008, to compel clinics to treat all people living with HIV who met eligibility criteria for ART initiation. 20 21 As a result of possible fear that they would be denied treatment for not being South African or, for undocumented immigrants deportation, we could speculate that some of the unconfirmed citizens may also be foreign nationals who felt compelled to claim South Africa as their country of citizenship. Thus, some of these patients may actually be foreign nationals misclassified as South Africans.
A second question that our findings raise is why are these patients so much more likely to drop out of care after initiating treatment than any other group of patients? We considered that a survivor bias may exist in this cohort. If patients do not provide their national ID number at their first visit, they may be asked for their ID number at later appointments. Patients who dropped out of care immediately after ART initiation would not have an opportunity to provide their national ID number at a later visit. However, we conducted a sensitivity analysis among only those individuals with at least one follow-up visit at least 7 days after ART initiation and our inferences remained unchanged. It is also possible that migration is a prominent factor in this group and that these patients may have left Johannesburg for another province or, if some are misclassified foreign nationals, they may have returned to their home country. Given that migrants have been shown to be at greater risk for loss from HIV care, it may be reasonable to speculate that some of the attrition observed among unconfirmed South African citizens is related to migration. 10 11 Limitations to our analysis include the use of data obtained from a single urban public-sector facility which may limit generalisability, especially to rural areas of South Africa. In addition, as mentioned previously, there may be exposure misclassification as some foreign nationals may be recorded as South African citizens. Likewise, there may also be some outcome misclassification as some of the attrition may be unreported selftransfers to other health facilities. Finally, we also do not have information on migration patterns of this cohort and thus can only speculate as to whether our findings are indicative of migration.
CONCLUSION
Our results highlight two important factors for the ongoing success of the South African national antiretroviral treatment programme. First, targeted interventions designed to keep patients engaged in care is needed. Further research is warranted to understand more about self-reported South African citizens who do not present a national ID number in order to create interventions that will keep them in care. Second, introduction of a unique identifier for all patients on ART, regardless of citizenship status, is crucial for enabling the linkage of data across health facilities in order to identify selftransfers due to internal migration so that efforts can be focused on tracing patients who have truly dropped out of care and re-engage them in treatment. Table 2 Continued 
